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ABSTRACT

The Resource Conservation and Recovery Act and the Safe Drinking Water
Act are forcing those in charge of landfills to adhere to more stringent
operating standards. This, along with the growing scarcity of landfill availa-
bility, makes the use of landfills less desirable for solid waste disposal.

As such, new disposal methods that are envirommentally safe and economi-
cally practical must be found. One alternative, that is not really new but
which has gained renewed interest, is incineration.

The Resource Conservation and Recovery Act also requires that govermment
agencies should direct their installations to recover as many resources as
possible. Thereforz if incineration is to be implemented, heat recovery should
be incorporated into the system. There are several processes available to
convert raw refuse into ¢ fuel for use in a heat recove-y system. Refuse
derived fuels {RDF) can be in the form of raw reiuse, densified ceiuse, pow-
dered refuse, gas, or pyrolytic oil. The only form of RDF that is economically
feasible for systems desinged to process less than 200 TPD (tons per day) is
raw refuse. Present technology has mot advanced enough to make the other
processes practical for small systems.

* .Most Navy bases generate far less than 200 TPD of solid waste and there-
fore the Navy has focused most of its attention on mcdular heat recovery
inincerator (HRI) systems that utilize raw refuse as fue}i

Most of these systemsz have iether cyclone operators or electtostat;c
precipitators to contrcl air particulate emmissions. Because of the small
particle size (less than 20-30 um) being emitted by most HRI systems, electro-
gtatlc precipitators are more effective in controlling air particuiate
emmissions. Air particulate emission standards are not being exceeded, but the

fly ash that accumulats: n a cyclo.e separator or electrostatic precipitator
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can produce 4 leachate whose lead and cadmium concentrations exceed the
maximum allowable as specified in 40 CFR 261.24.

A HRI can theoretically produce steam at a lower cost than conventional.
methods being used today. These systems, however, have not demonstrated a
great degree of reliability, availability, or maintainability. As a result
production costs have exceeded predicted values. It is felt that the problem
areas can be located and corrected. With this experience design changes can
be made to improve operational reliability and with these improvements HRI

systems can be an envirommentally safe and economical means of solid wasted

disposal.
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g ¢ INTRODUCTIPN

The American people generate municipal solid waste at the rate of
approximately 3.0 1b per capita per day. This meaus more than 115 million
tons of municipal solid waste is generated annually.(l) As Table-l indicates,
882 of this waste is composed of combined household and commercial refuse.

Solid wastes from Naval installations however, is composed of mostly
household and industrial refuse. It has been estimaved that 76Z of all the
individual Navy complexes generate less than 14.3 tons per day (TFD) of refuse.
This means that most of the Navy's solid waste management problems fall within

this size range category.(2)

TABLE 1

Municipal Solid Waste Production in the United States (1)
Measured weight
1bs/person/day

Combined Household and Commercial Refuse 2.64

Street and Alley Cleanings 0.19

Tree and Landscaping Refuse 0.02

Park and Beach Refuse 0.01

Catch Basin Refuse 0.14

Total Pounds/persun/day 3.00

Solid waste management involves decision making as to what method or
methods should be utilized in disposing of the generated refuse. Based on the
above discussion, the Navy's problems are much less seviere than most metro-
politan areas but they still must be dealt with in 77 Intelligent manner.

By and far the most common method of disposal utilized by the Navy todav,
is landfill, Based on a survey of the Navy Public Work Centers, cost of dis-
posal by landfill varies from $8 per ton to $42 por tor (Appendix B, Table B-1).
But the cost is only one factor that must be considcred. A survey of 38 Navy

disposal sites was conducted and the results are shown in Table-2.

Based on this sample, 457 of all Navy sites must be expanded or
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replaced within 7 years and only 24% have ample capacity to sustain operation
for more than 15 years (2).

Landfill sites becoming less available, and those with continuing opera-
tion will be required to comply with more stringent environmental guidelines.
This is a result of the Resource Conservation and Recovery Act (RCRA), and the
Safe Drinking Water Act (SDWA). To meet these guidelines many of the landfills
will have to be upgraded. The cost of the modifications required depends on
site location and type of potential contamination. Table-3 gives an indication

of some of the costs involved.

TABLE 2
REMAINING SITE LIFE FOR SELECTED NAVY SOLID WASTE ACTIVITIES
Renaining Site lLife (Years) Number of Sites Percent of Total
less than 3 14 37
3-7 3 8
8 - 15 12 31
more than 15 9 24
TOTAL 38 100
TABLE 3

ESTIMATED COSTS OF UPGRADING NWAVY LANDFILLS TO MEET
VARIOUS RCRA REQUIREMENTS (In 1977 DLeollars)

Annualized Added
Requirement Cost/Site* Cost/Ton
Water Quality
Environmentally sensitive area
Wetlands, floodplains 7,660 1.96%%
Permafrost 1,200 0.32%%
Critical habitat 0 Q%%
Sole~source ajuifer 1,200 0.31%%
Surface water
Nonpoint source controls 2,400 0.62
Ground water 10,500 2.69
Air Quality 800 0.21
Gas controls 7,900 2.03
Fire 200 0.05
Access 400 0.10
Bird hazard 1,202 0.31
Nisease Vectors 27,400 7.03
Aesihctics 700 0.18

*Thes: estimates conly include costs of meeting requirements not
covered undar otiior federal legislution.
#*Thrae estimates «:-u~t that uperading is possible to meet RCRA
requirinents, Sore facilities may be closed if contamination problems
are found to be too extensive or impossible to control.




Since landfill sl!tes are becoming more scarce and the operating costs of
the available sites are continuing to increase, alternate methods of solid waste
disposal must be pursued. Ome procéss that has been practiced for decades is
incineration. By incinerating refuse, the volume that must be deposited in a
landfill is g}eatly reduced, The bulk density of refuse at a landfill when
buried under normal disposal conditions is 250-300 lb/yd3 (3). Therefore, one
ton of refuse requires 6.7-8 yd3 of landfill volume, Table-4 provides a list of
typical products of incineration and shows that 471 1b of solids per ton of
refuse is produced that must be disposed of by separate means. The density of
this unburned portion is 1000 lb/yd3 (3). Therefore, 0.471 yd3 is required for
disposal of this residue, resulting from each ton cf collected refuse. This
represents a reduction of 93-947 of landfill volume required. This extends the
life of any given land®ill by an order of magnitude, With such a decrease in
volume required and a ~~vvoecroandingly fncrease in lan2fill 1life, incinzrztion
must be considered as a viable alternative to landfill tor refuse disposal.

Not only does the RCRA require compliance with more stringent guidelines
in the operation of landfills, but it alsc encourages the recovery of materials
and waste-derived fuels to the maximum extent practical at federal facilities (2).
Therefore, if the Navy opts to utilize some form of ircineration as the most
envirommentally sound method for refuse d’sposal, it must also pursue processes
that will r1esult in energy recovery of soma type. This wiil require incineration
systems that provide some means of heat recovery and/cr processing systems

that can convert refuse into a usable fuel.




' TABLE 4
TYPICAL PRODUCTS OF INCINERATION (3)
1b.per Tén Parts per Million
of Refuse by Volume
Stack Gases

Nitrogen and Inert Gases 14,556.5 705,233
Oxygen 3,006.5 128,062
Water Vapor 1,482.8 112,389
Carbon Dioxide 1,738.0 53,542
Carbon Monoxide 5.7 279*
Hydrogen Chloride 6.2 232%
Organic Gases 6.8 123%
Nitric Oxide (NO) 1.7 78%
Sulfur Dioxide 3.0 62%

Total Gases _ - 20,807.2 1,000,000

Solids, Dry Basis

Residue from Grate 442.8
-Collected Fly Ash, S4% effc. 28.2 .
Emitted Fly Ash, 6% Lloss 1.8

Total Solids 472.8

Total 21,280.0

.........
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*In furnace exit gases, typical values, capable of further reduction.
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Refuse Derived Fuels

The use of refuse as a fuel originated in Europe where they have long
cold winters and heating systems supplying large housing districts are
prevalent.(l) Therefore, there is a large steam demand and a high energy cost.
By utilizing refuse derived fuels (RDF), these costs can be somewhat alleviated.

RDF can be in the form of a solid, gas, or liquid. The solid RDF can be
categorized as either raw municipal solid waste (MSW), densified RDF, coarse
fluff RDF, or powdered RDF. Gas RDF can either ba low or medium Btu gas.
Pyrolytic oil is the term generally associated with liquid RDF.

MSW is defined as "those obsolete products discarded by domestic, com-

" mercial and municipal coansumers which would normally be deposited at municipal

rafuse disposal areas" (4). The value of this waste as a fuel is a function of
moisture content and per:ent ash. Calorific value of the fuel varies in

accordance with the following relationship (5).

B = Bo[l - A,;GMJ Btu/1b waste (1)

Bo = calorific vzlue of dry, inert free (DIF) refuse,

A = percent ash (non-combustible solids),

M = percent moisture.
Bo has been determinec to equal 10,000 Btu/lb dry, inert free waste. This
value and the above equation have been used to classify wastes to be Incinerated
by percent moisture content and heat available. The classifications have been

given type mumbters from 0 - 6 with characteristics as shown in Table-5 (5).

1f more thar one sccerce of refuse is utilized and each source has different

characteristics, the formula for an ideal mixture can be utilized to determine
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the additive properties (such as sture contcnt, heat value, and ash content)
of the overall mixture. The formula is as follows (6):
n
Pa = 3 Mfi Pi
i=1
where Pa = additive property,

Mfi - mass fraction of component "i"

Pi = property of component "1",
Table - 6 lists the heating value of some components of refuse that can be

utilized in the above equation in conjunction with equation (1) to determine the

heat value of the mixture.

TABLE 6
REFUSE HIGHER HEATING VALUES (7)
(Dry weight basis)
Category Standard HHV* Measured HHV
(Btu/1b) (Btu/1b)
Cardboard 7,791 7,862
Other paper 7,429 7,420
Food waste 8,162 9,042
Yard waste 7,282 8,006
Wood 8,253 8,423
Plastics 13,630 15,827
Textiles 8,793 8,452
Fines 3,457 4,568

* Kaiser, Elmer R., P.E., "Physical-Chemical Character of Municipal Refuse,"
Combustion Magazine, Februvary 1977, pp. 26-28.

Estimates of solid waste composition in the northeastern United States

and for Navy Jnstallations are shown in Table-7. Navy installations generate

TN, W

¥

less glass, metals, and yard waste than municipalities, but produce mor: food

N
waste on a percentage basis. The moisture contert in both cases is between 20 3
and 30% and ash content is 10% for Navy waste and 23.5% for MSW. Based 6nvthis g
data the Navy raw refuse is probably closer to type 1 waste and has a heat f
value between 500U Biu/lb and 6500 Btu/ib with 6300 Dru/lb being the calculated 1

L

value utilizing equation (1).

-
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TABLE 7
COMPOSITION OF SOLID WASTE

! o Type of Waste Municipal Solid Waste in Navy Solid Waste (9)
- Northeast USA (8) *
. Paper Products 41.5 36
‘ Mixed Office Waste 13
Wood 2.0 7 -
Yard Waste 12.9 5
Food Waste 16.2 21
Metals 9.4 5
Sludge 2
Glass 10.3 4
Other 7.7 7
Moisture Content 22.1 27
Total Ash 23.5 10
HHV-Btu/pound 4811 5050

* Percent as Discarded

Raw refuse can be utilized as a fuel in modular 3ncinerators (N-150 tpd) or
field erected incineraiors (150-2000 tpd) (6). Since most Navy Bases genmerate
less than 20 TPD the oniy iogical choice for tnei:r utilization 1s modilar
incineration. A typical modular incineration system is shown in Figure 1. These
units produce 3700 1b steam per ton of solid waste at a saturation pressure of
100-280 psig. No units are presently being used to generate electicity but it
is estimated that 30-100 KWH/ton of solid waste could be realized (10}.

One of the processes that has been utilized in an attempt to make refuse
a more acceptable fuel is densification. Enhanced RDF is generally used in this
process. Enhanced RDF is that which has been subjected to some form of processing
to remove the major portion of fine, inert materials commozly inheremt in the

unscreened, shredded.air classified,light fraction (11). A typical processing

scheme is shown in Figure 2,

dRDF has a heating value in the range of 6000-7000 Btu,;1ib. The moisture

PR -, R P
@, S

content varies from O to 107 and the ash content is in the range of 15-25% (10).
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It has been co-burned with coal or separhtely as the only fuel in incinerators.
dRDF has a lower fusicn temperature and higher ash centent than coal, which can
result is ash handling, slagging, and clinkering problems (11). Several other
problems have been encountered when dRDF has been utilized as the only fuel.

An extreme amount of dust is generated during the fucl handling process.
Inadequate distribution of fuel over the boiler grates has also been experi-
enced causing a non-uniform bed depth, resulting in uneven burning and localized
hot spots. The occurence of ignited organic particles being carried over with
combustion gases into the cyclonic collectors causing smoldering and fires

has also been observed (11).

The Air Force established some specifications for dRDF in their request
for proposal (RFP) from suppliers of dRDF. Table 8 provides a comparison
betweer the specifications requested and the a'erage values of dRDF as determined
by the Air Force. As shown, the average ash conteat ic higher than that specified,
which increases the chances of the problems discussed earlier to occur. The
moisture content is alsc borderline, which will result in large evaporative
heat losses. The Air Force also believes that pellet density, dRDF size
distribution, ultimate fuel analysis (i.e. amount of H, C, N, O, and S in the
fuel), volatile matter, ash analysis and ash fusion temperature, pellet
biodegradation, and pellet integrity are important par~meters in optimizing
the storage, transport, and combustion of dRDF (11).

As stated earlier, dRDF can be burned as a sole scurce of fuel or
co-burned with coal in a typical stoker boiler. ®r-om a Navy standpoint,
however, a dRDF systew is not feasible in the 0 - 40 TPD range and it has
been estimated that a rate of 200 - 250 TPD is reqrired for economic

feasibility {1C¢). Thus, for small generation systems, dRDF is not a practicdil

alternative.




TABLE 8 PROPERTIES OF dRDF (11)

L%
Number Air Force
of Nata Std. dRDF
Property _Points Range Average Dev. Specifications
| ® Heating Value, 14 6890-8431 7525 460 6500
. Btu/1b (dry)
. Ash Content, 15 10-30 16.6 7.3 15
. percent (dry)
) © Moisture Content 15 6-28 19.3 6.6 20
3 (percent)
. Bulk Density 3 25-30 27.7 2.5 35
- (1b/£ft3)
Pellet Density 2 35-74 Ia) I None
(1b/£t3)
~-3/8" Fines 1 1 1 I 5
(as received)
Volatile Matter, 8 60-77 66.9 5.8 None
percent (dry)
Ultimate Analysis,
percent (dry)
H 5 5-6 5.8 0.4 None
C 5 31-43 37.6 4.8 None
N 5 0.4-3.0 1.1 1.1 None
0 S 23-41 35.2 7.1 None
S 6 0.1-0.3 0.2 0.1 None
Ash Analysis,
percent (dry)
$i0, 2 28-47 None
Al704 2 10-31 None
NA,0 2 4-7 None
Cao 2 5-15 None )
I-‘e203 2 2-5 None .
MgO 2 4-7 None i
2 0.1-0.9 Nene .
|
a) = Data only available . . irce ans was measured after shipmeant to the burn sit=. .
10
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Coarse fluff RDF is the least refined.form of solid waste fuel used
commercially. It is larger in size and contains more inorganic matter
o than other types of processed fuels. The use of this fuel is limited to
grate fired incinerators. Because of the high inorganic content, the
probability of slagging and clinkering is also increased and as a result,
l‘. it has not been widely used. 1t to is not economically feasible when waste
generation rate is below 200 ~ 250 ng and therefore dces not exhibit much
promise for use by the Navy (10).
On the other end «f the scale, powdered RDF is the most refined form

Tl
of the solid fuels. The minimum waste generation rate of 200 - 250 TPD is

e A MiEmm T 7
e

also necessary to obtain economic feasibility with this type of fuel and
this far exceeds the typical Naval Station production rate (10).

The production of gas and liquid fuels from refuse is accomplished by
pyrolysis. Pyrolysis is generally referred to as destructive distillationm,
but is correctly defined as an irreversible chemical change brought about by
the action of heat in an c¢xygen deficient atmoshpere (12). Pyrolysis of

solid waste feed material produces CO, Hz, COz, hydrccarbons, and condesnsibles

that are carried in the product gas and carbonaceous rosidue with gas phase

o

constituents. Some of the more important reactions are as follows (13):

, Ry S

C + 0, <y CO,

c+ CO2 - 2C0

C + HZO"" CG + H2

C + 2H, = CH, ; {
2 4 .
The {irst reaction is highly exothermic, extremely rapid, and proceeds

to corpletion with respect to oxygen disappearance. The second and third reaction

are comronly referied to as the Boudouard reaction and the water gas reaction
11
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respectively. These reactions are endothermic and are thermodynamically
favored at temperatures over 700°C. The reactions are slow, however, and
therefore are rarely at equilibrium in coal char systems at temperatures
below 1100°C. The last reaction is highly exothermic and is favored at
temperatures below 600°C (13).

Reaction rate tests were conducted at Princeton University utilizing
newsprint from the New York Times and the Wall Streest Journal, hardwood
and softwood sawdust, and cow manure at nominal heating rates of SOC/min.,
10°¢/min., 20°C/min., 50°C/min., and 100°C/min. The follo&ing general rate
eqration resulted (14):

dv n
at K (v* - V)

%% = rate of weight loss (on a mass fraction basis)

V* = Volatile weight fraction of the crganic material
n = reaction order
K = A exp (-E/RT)

A = frequencv factor

a1
[

activiation energy

w
n

universal gas constant

-3
[]

temperature °x).
From this equation it is apparent that temperature and the initial volatile
fraction of the organic material are important parameters in controlling
the pyrolyvsis process.

It has been estimated that 90% of the energy content in the dry feed
can be recovered and ie in the form of cas or oil after exiting the pyrelveics
process (15,1). The tezperature of the exit gas is approximately 400 - 500°¢C
with a heating value of 100 - 170 Btu/SCF. Natural gas as a heating value
of 1000 Btu/SCF. HBRigh Btu RDF derived gas is that which has a heating value

greater than otr equal to 507 of the natwral pas value; medium Btu gas has

12




a heating value greater than or equal to 25% of the natural gas value; and

gas with a heating value which is less than 25% of the natural gas value is

termed low Btu gas (1).

low to medium Btu gas.

So based on these definitions, most systems produce

Table - 9 1llustrates the variance that occurs both

in component structure and heating value between different pyrolytic processes.

TABLE 9 PYROLYTIC GAS COMPOSITION OF

Component
(% by volume)

Cco

002

CHA
Other Hydrocarbons
N2 and others

Heating value
(Btu/SCF)

DIFFERENT PYROLYSIS PROCESSES (10)

Purox System

26
40
23

5

370

Enterprise System

1.19 - 4.06
3.53 - 21.25
14.80 - 36.36
2.31 - 13.69
6.07 - 14.18
17.3 - 72.26
146 - 502

Dual Fluidized
Bed

19.58
35.84
16.73
14.35
9.08
4.08
530

As with several of the other RDF processing systems, pyrolysis is not

suitable for small systems.

The process is highly technological and capital

intensive (10). Also, the process is still in the developmental stage from a

practical application standpoint.

ton/day plant in 1972 - 1975 time frame.

in 1976 and 1978.

incineration (10).

The city of Baltimore constructed a 1,000
This system had to be modified both
It iz now shut down for conversion to mass burning

Tnis 1llustrates even furtliicr that wore research is needed

before pyrolysis can be utilized on a wide scale basis for the preduction of

RDF.

Table - 10 summarizes the propertirs of the RDF fuels.

For small systems

the only RDF fuel that appears to bea possible alternative is rav curicipal

solid waste. Unfortunately,of all the fuels, it has the least desirablc

properiics. The heating value is 177 1o 887 less than other Li.

13
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L,

"Ks contents is 20% to 257 higher than densified and powdered RDF. The ash
content is 5% to 15% higher than the other forms of RDF. The total volatile

fraction is 20 to 40% less than other RDF. Bulk dencity of MSW is 207 to

B L ] 33% less than the fluff forms of RDF and an order of magnitude less than

\ densified or powdered RDF.

_ This means that a much larger quantity of MSW is required to produce the
i o same heat output as other RDF and a larger percentage of this heat will be
_\ lost due to evaporation. The chances of clinkering and slagging in the

ooy

A boiler is greatly increased and storage requirements could be a significant
[ problem. But with all its shortcomings, MSW is the most e.conomical RDF for
small systers. This is due to either the need for further techmological
development of the other processes or the high capital and operational costs
of those processes. Table 11 provides @& summary of combustion systems that
should be used with MSW as well as other forms of RDF and the necessary

generation rates in order to approach economic feasibility.
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PREPARATION OF RDF

It has already becn stated that the heating value of Navy solid waste
is approximately 6300 Btu/lb. If the moisture content could be reduced from
27% to 20%, the heatins value would theoretically increase to 7000 Btu/1lb if
all other variables remain constant. This is approximately a 167 increase in
the heating value. A decrease in moisture content from 27%Z to 107 increases
the heating value to 8000 Btu/lb, a 277 increase. In other words, as shown
by equation (1), for every percent decrease in moisture content the heating value
is increased by 100 Btu/lb. The same is true for a 1 percent decrease in
ash content.

Figure 3 provides a mass and energy balance per ton of input to an
incinerator for M3W with a moisture content at 277%, a heating value of 5050
Btu/1b and all metal and glass has been removed. The heat loss is 15% or 1,515,002
Btu with 100% excess air. If moisture content is reduced from 27% to 20% the
heating value increases from 5050 Btu/lb to 5750 Btu/lb. The loss from the
incinerator is still 15% or approximatzly 1,725,000 Btu. Based on the mass
balance, 12.58 1b dry air/lb organics is required to incinerate the refuse (9).
There is approximately 0.0-43 1b nzo per pound of dry air at ambient conditions
(8). When moisture coatent decreases to 20%, the weieht percent of organics
increases to 707 or approximately to 1400 1b per ton of refuse. Which raises
the heat available to 11,500,000 Btu/ton. The air requirement increases to

17,620 1b dry air per ton of refuse and this air has approximately 77 1b of water

2

vapor associated with it. The total evaporation lneses increase bty 4 .9% from

>
L

8,569,109 Btu to 8, 986,781 Btu duc ithe increased air vequirement. There is,
however, an overall n:ct gain when compared to a moisture content of 27%. The
net available encrgy improves from 15,892 Btu/ton at 27%Z moisture content to

788,220 Btu/ton at 207 moisture content.

19
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Not all reductions in moisture content can provide such drastic results.
Figure 4 illustrates ac moisture content decreases the available heat increases

but at a decreasing rate. The assumption is made that all other variables remain

constant, i.e. tﬁe ash content remains at 200 1b per ton of refuse. 1In
reality, the ash content would probably increase but not significantly
enough to change the incinerator performance.

In order to reduce the moisture content of refusglthe source of the
moisture must be determined. Table 12 lists the diff>rent components of
rerfuee and how much they contribute to the moisture and ash content. By far
the major portion of the moisture is found in food and yard waste while the
major source of ash is metal and glass. As was shown in Table 7, 26% of the
solid waste generated by the Navy is food or yard waste. If these could be
eliminated, the moistu;e content would decrease from 27% to approximately
10% and as shown in Figure 4, the net heat available would theoretically be

1.72 MBtu/ton of refuse.

TABLE 12 MOISTURE AND ASH CCNTENT OF REFU.E {16)

% Moisture 1b Moisture lb Ash

""AS DISCARDED" 100 1b Dry Refuse 100 1b Dry Refuse
Metal 2.0 0.22 10.13
Paper 8.0 3.97 2.74
Plastics 2.0 0.03 0.17
Leather 2.0 0.04 0.24

and Rubber

Textiles 10.0 .27 0.08
Wood 15.0 0.52 0.09
Food Waste 70.0 23.10 2.17
Yard Waste 50.0 10.79 0.54
Class _ 2.0 0.23 11.21
Miscellaneous 2.0 0.05 1.62

........

In a practical sense total eliminaticn of the food and yard waste may

not be possible, but in a Navy community & 50% reduction is by no means

.
-
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impossible and may oven bhe conservative. If waste from Navy galleys was
separated into garbage and dry waste and then individually collected, the
volume of food waste in the RDF and moisture content of the refuse would be
significantly reduced. If housing occupants were encouraged to utilize garbage
disposals instea& of discarding the garbage into receptacles, a change in

food waste would also be observed. 1If yard waste was to be collected only in
trash bags and only on given days, the major portion of the yard waste would

be eliminated. These ideas are simple, practical and would show results.

Even if complete evaporation could not be achieved, o 50% cooperation rate
could show significant results.

Moisture contents is not the only concern with RDF, however, ash is also
important. The higher the ash content the greater the disposal cost. Metal
and glass are the major sources of ash in refuse (Table 12) and generate
other problems as well. Metals cause slagging in incirerators. The more
slageing that fakes nlace results in more maintenance and thus higher operatire
costs. Glass has a low melting point and as such causes what is termed
clinkering (8). The ash particles cling together and when the glass cools a
tight adhering layer can be formed in the bottom of the incinerator. The
removal of this layer car be difficult and again results in increased main-
tenance cost. Even if the glass is maintained in a molten state the ash
particles will cling together and make ash removal more difficult.

The elimination of meral and glass in refuse would be even easizr than
eliminating food and yard waste. Sepzarate receptacles could again be provided
for glass and metal refuse and bccause the possibility of protrusive odors is
minimal collection frequency could be greatly reduced. There is also the
possibl- reder;ticn of recyelitle metals. Fven if the quantity is not

large enough to warrant the Naval station ccllecting and redeeming these
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metals, there are always organizations willing to do the collecting of
metal containers if they can keep the funds received upon redemption.

It has also been recorded that there are a number cf significant
benefits to burning shredded refuse rather than unshredded refuse; these
benefits include better su